n B S TR A C T Experiments were directed toward estimation of the magnitude of error incurred by the presumption of idealized osmometric behavior in the author's recent studies of monosaccharide transport through the human erythrocyte membrane. Thick suspensions of washed cells in isotonic buffered balanced salt medium were mixed in fixed proportions with varying dilutions of a concentrate of either (a) the mixed chlorides of the medium, or (b) glucose in the isotonic medium, and the resultant freezing point and hematocrit values determined. The form of the responses in the tonicity and the cell volume, as functions of the variable dilution of sugar or salts, conformed consistently with relations derived from the classical van't Hoff-Boyle-Mariotte pressure-volume relation. However, the effective cell water contents appeared substantially less than the weight lost in conventional drying, and varied somewhat according to the index used: expressed as grams of H20 per milliliter of cells at isotonic volume, the cell water implied by the hematocrit behavior was 0.614 -4-0.015 (SD); by the salt tonicity response, 0.565 4-0.027; by the immediate glucose tonicity response, 0.562 4-0.044; and by the equilibrium glucose tonicities, 0.589 4-0.043. Olmstead's reports of gross deviation from the van't Holt relation, in the rabbit red cell's responses to tonicity displacement, are attributed primarily to a systematic aberration in his method of data analysis, the observations themselves agreeing substantially with the present findings.
In the continuing study in the author's laboratory of monosaccharide transfer through the h u m a n red blood cell membrane, several considerations have led in recent years to decreasing use of the Orskov optical densimetric technique (1) in favor of direct chemical and radiochemical analyses of the distribution of the sugars between the cells and the suspending medium. This shift in method has circumvented some technical complications in data interpretation, but has made other analytic problems more acute. The low suspension densities required for the Orskov procedure allow the medium to be treated as invariant in composition because of its overwhelming volume in relation to the cell contents; whereas the chemical approach entails the use of much higher hematocrit fractions in the suspensions, so that the osmotic migration
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. V O L U M E 4 7 ° I 9 6 4 of water through the cell membranes becomes of real consequence in defining the extracellular parameters.
In several of the more recent transport studies (2) (3) (4) (5) , our analysis of such chemical data has depended partly on the presumption that movements of sugars through the cell membranes are accompanied by a "perfect" osmometric response in the water distribution. The treatment of this volume adjustment as instantaneous seems quite valid here, since the water permeation is well established in this system as very much speedier than the sugar movements under investigation. Some recognized inaccuracies are introduced, however, in the presumption that the osmotic pressure throughout a given mixture remains constant during the redistribution of sugar and water; these inaccuracies arise principally from the known ionic dissociation characteristics and other physical properties of the hemoglobin (6, 7) . No special correction of the analysis for this factor was attempted, however, since in the context of the final resolution achieved in the calculations of the transport parameters to which the experimental data were applied, the disturbance occasioned by the anomalous behavior of hemoglobin is of rather trivial magnitude (8, 9) .
A qualitatively more serious objection might be lodged on the basis of the fact that the erythrocyte's water volume changes have been reported in many circumstances to fall decidedly short of those expected from imposed tonicity changes in the medium. Ponder (10) has expressed this discrepancy in terms of a factor, R, representing the apparent fraction of the original total cell water taking part in the osmotic response. Part of the difference of R from unity can presumably be attributed to the direct association of water with hemoglobin (11) and other cell solutes, so that this part of the cell water is not free to act as solvent; so long as this component remained invariant, such a complication would in no way disturb the analyses which we have applied in our transport studies (2) (3) (4) (5) . However, any further reduction of R resulting from other physicochemical complications would to some extent invalidate these analyses.
A qualitatively more serious challenge to the presumption that the washed mammalian red cell even crudely approximates simple osmometric behavior has been posed by Olmstead's recent reports (12, 13) . From freezing point readings on the supernatant medium from series of mixtures of rabbit red cells with various saline solutions, Olmstead concludes that the distribution of water across these cell membranes deviates grossly from the classical prediction, and that physiological cell regulatory responses are involved. In particular, he differentiates between the characteristics of the inward and outward movements of water in response to equal, oppositely directed, osmotic gradients, emphasizing a "restriction" in the degree to which water egress from the cells occurs as compared with water entry. The contention in the present paper is that Olmstead's conclusions derive from a logically improper extrapolation in his application of the classical Boyle-Mariotte-van't H o l t pressure-volume relation, which led to a systematic aberration in the manner in which the data were presented and analyzed. In spite of this, the questions thereby raised made it advisable to establish, specifically for preparations comparable to those which have been used in our experimental studies, the degree of the deviations in the cells' actual osmotic behavior from the perfect pattern. For this purpose, thick suspensions of human erythrocytes were mixed with salt and glucose solutions at varying strengths, and the resultant osmotic pressures and hematoerit values were determined under appropriate conditions. The apparent "functional" water content of the suspensions was then estimated from each of several aspects of the data, and the relations between these several measures were examined in an effort to characterize, roughly quantify, and interpret any systematic discrepancies among them.
M E T H O D S
Human whole blood (or occasionally packed cells), supplied by the local Blood Center of the American Red Cross, was kept at about 3°C. in the original containers (standard ACD bottles) prior to use. The plasma and additives, together with the major part of the white cells, were removed by several serial centrifugal washings, first with isotonic saline solution (until clotting factors were sufficiently diluted) and then with the isotonic buffered balanced salt mixture which has for some years served as our general experimental medium. This medium is mixed from the several component chloride solutions, and has the following approximate final composition: Na +, 119 raM; K +, 4.8 marl; Ca ++, 2.6 mM; Mg ++, 1.7 rnM; tris(hydroxymethyl)aminomethane, 35 raM; pH 7.4; total tonicity, 300 4-3 milliosmoles per kg of water. After the final washings, a rather thick suspension of the packed ceils in this medium (hematocrits of 0.60-0.85 or so) was taken for the experimental procedure.
For each experiment, equal portions of such a suspension were measured into each of a series of vessels by means of glass syringes, since the high viscosity and stickiness of these thick suspensions precluded successful use of volumetric pipettes. To each vessel, a smaller fixed volume of varying tonicities of the medium's mixed inorganic salts, or of glucose (dissolved directly in the medium), was added, from either tuberculin syringes or volumetric pipettes, and samples of the mixtures taken for hematocrit and "osmometric" (freezing point) determinations. When called for as set forth in the presentation of the results below, the remaining portions of these mixtures were then stored either at room temperature or in a water bath at 37-38°C. for several hours, after which additional samples were taken for osmometry. Also, in some instances to be specified below, the mixtures containing glucose were instead made up in iced containers and immediately centrifuged lightly at about 3-5°C., so as to provide supernatant samples for osmometry of the extracellular compartment before any appreciable sugar entry into the cells had occurred. It was established, however, that the freezing point figures obtained on even freshly prepared cell suspensions did not differ detectably from those given by the same preparations following complete lysis of the cells, or by the supernatant media from these suspensions. Also, in certain instances as designated below, conventional determinations of "dry weights" and "water contents" of the suspensions were obtained, by weighing measured volumes and reweighing after overnight drying in a vacuum oven at 105-110°C.
Calibration o/ Hematocrit System The fixed speed microcapiUary hematocrit centrifuge (International Model MB) was always run for 5 minutes as set by its automatic switch. Contrary to common practice, the total lengths of the columns in the sealed capillaries were recorded prior to centrifuging, and the lengths of the supernatant columns alone read after completion of the packing of the cells; it has been repeatedly observed in this laboratory that significantly greater consistency among multiple measurements is achieved by this procedure than by taking both measurements at the end, even if great care is taken to ensure a flat-surfaced sealing of the capillaries. The raw hematocrit data thus obtained are almost invariably quite consistent for a series of dilutions, and for most purposes need not be subjected to any corrective factor. However, in the present application, the criticalness of the hematocrit figure in the analysis (and the unusually high hematocrits sometimes involved) made it desirable to evaluate any systematic minor error which might be expected to arise from possible incompleteness in cell packing and from individual habits in the reading of the menisci in the capillaries. Therefore, use was made of the fact that ordinary mannitol appears to remain totally extracellnlar in human red cell suspensions, and not to be metabolized, adsorbed, or otherwise disturbed from distributing itself homogeneously throughout the aqueous medium. A number of cell suspensions were prepared at various hematocrit values distributed over the experimental range, a small amount of C14-1abeled mannitol added, and parallel determinations made of the apparent hematocrits (a) as performed as routine in the centrifuge, and (b) as indicated by the apparent volume of distribution of the mannitol by means of liquid scintillation counting of the supernatant fluid (using the Tracerlab LSC-10B system). The radioactivity counts were performed on duplicate samples, while the microhematocrit determinations each involved a minimum of three (generally five) samples, as was also the standard policy in the experimental use of this method. Because of the respective irreducible sources of variability associated with the two techniques, a much greater consistency was found with the simple hematocrit method than with the radio-mannitol counting procedure; however, the mean figures given by the latter method are considered (by reason of the principle of the method) to provide a better index of the true cell volumes. The comparative data from these calibrating tests are presented in Fig. 1 . A priori, there is no special reason to assign any particular form to the relation between these two estimates of the hematocrit; but since, as is apparent in Fig. 1 , there was relatively little deviation from the linear regression fit by least squares, this simple conversion was used throughout the experimental work for correction of the hematocrit readings. The equation derived is: H = 0.955 Ho -'k 0.006, where H is the "true" hematocrit given by the mannitol distribution, and Ho is the observed hematocrit given by the microcapillary centrifuge method. Although this obviously leads to only a minor modification in the apparent cell volumes, it entails a fairly substantial correction in the apparent extracellular volume when the hematocrit is very high.
Calibration of Osmometric System
The cryoscopic readings were taken in a Fiske osmometer, each series of readings being modified slightly by reference to concurrent readings on several standard solutions of known tonicity, bracketing the range covered by the samples. These reference solutions were prepared from reagent grade NaCI, thoroughly desiccated, and distilled water, both ingredients being carefully weighed to at least four significant figures, according to the formulas supplied by the manufacturers of the Fiske osmometer, and based on the International Critical Tables. In order to arrive at estimates of the suspensions' apparent water contents, it was necessary first to establish the effective solute and solvent (water) contents of the several component solutions mixed with the suspensions to provide the final preparations on which the measurements were made. By conventional wet weight and dry weight determinations, the average weight of water per milliliter of the standard m e d i u m was established as 0.988 gm. But for the stronger stock solutions of mixed salts, and particularly of glucose (which undergoes a variable partial decomposition in the conventional drying procedures), this direct m e t h o d was less suitable; moreover, it was more appropriate to the experimental application to measure the apparent water content of
these preparations directly in terms of their osmometric (freezing point) behavior. The formal relations by which such estimates were derived from the measured parameters are given below. In this derivation, no consideration is given to changes in solutes' activity coefficients with dilution, since these are not of consequential magnitude in the experimental ranges. (1) so that if v -1 is plotted against P,'-I, a straight line relationship should be found, of slope Q s / a and intercept 1 -Ws/a, thus providing a measure of Os and Ws, defining the stock salt solution. A typical measurement of this kind is given in Fig. 2 a, illustrating the conformity with the expected linearity. 
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so that if v -1 is plotted against 7rg-l,[ a straight line relationship should be found, of slope Go/WK and intercept 1 --W o / W u , thus providing a measure of Go and Wa, defining the stock glucose solution. A typical measurement of this kind is given in Fig. 2 b, illustrating the conformity with the expected linearity.
T h e figures defining the stock solutions, derived in this m a n n e r , were then substituted in the following equations, which relate the i n d e p e n d e n t experimental variable v to the m e a s u r e d p a r a m e t e r s P, and 7r,, so as to arrive in e a c h e x p e r i m e n t at estimates of the a p p a r e n t W e from the respective sets of d a t a as specified below: 
Mixing of Cell Suspension with a Fixed Proportion of a Series of Dilutions of Salt Solution
Thus m, does not enter into this relationship; and from the International Critical Tables relating to the --1), thus providing a measure of ()e and We from the point of view of the total suspendon water in equilibrium as potential solvent for added non-penetrant salts (thus
depending primarily on the extent to which the water migrates through the cell membranes in response to the tonicity changes). developed in the immediately preceding section, it emerges that
Mixing of Cell Suspension with a Fixed Proportion of a Series of Dilutions of Glucose in
so that the expression on the left of equation (4) 
R E S U L T S
The Cell Volume Response to Varying Salt Tonicity If the cells behave as perfect osmometers in respect to that part of the cell water which is acting as solvent for the cell solutes, then in the presence of non-permeating solutes at tonicity T (expressed in isotonic units), the cell volume V (expressed as a frac-1 -D tion of its isotonic volume), will be given by the relation: V --D q-T where D is the "dead space" (non-solvent volume) in the same units. Applicability of this to the data of thirteen experiments, in which 3 ml portions of a cell suspension were mixed with 1 ml portions of varying tonicities of a mixture of the medium's salts (thus c = 0.75), was tested by plotting the hematocrit values (converted in accord with Fig. 1 ) as a function of the reciprocal of the total osmolality of the mixtures. The first four experiments each involved eight sets of readings over a range of about 240 to 700 milliosmolal; for the remaining nine experiments, it was necessary to reduce the number of salt mixtures used to four, in order to accommodate into a feasible schedule the concurrent studies with glucose. A typical set of results is given in Fig. 3 , illustrating the consistent linearity found. In the entire series of experiments, only a single reading deviated substantially from the expected rectilinearity (and in this instance the aberrant datum was so grossly out of line that it was discarded from the analysis as clearly denoting some procedural error).
In each experiment, the linear regression equation was determined for the data presented as in Fig. 3 ; the resultant intercept on the hematocrit axis (representing the non-solvent cell space in the mixtures), divided by the hematocrit given by the equation at isotonicity (taken at 300 milliosmolal), thus gave a figure for the fractional non-solvent cell space, D. This figure proved to be rather consistent among the thirteen different suspensions, at 0.385 4-0.015 (SD); accordingly, the osmotically functional cell water, a(1 --D), was 0.614 4-0.015 gm H 2 0 per ml cells. As a check on the volumetry of the syringe transfers, the hematocrits calculated for the original suspensions (as 1/c times the figure at isotonicity) were compared with the directly 
7he Total Tonicity Response to Addition of Varying Salt Mixtures
Similarly satisfactory adherence to the behavior expected from first principles was found in the osmotic pressure response to addition of varying salt concentrations; the example in Fig. 4 typifies the rectilinearity in the function as given in equation (3) . But in spite of the apparent propriety in the behavior of the two indices (the cell volume response and the osmotic pressure response), there was a significant discrepancy between the respective water contents implied. In all thirteen experiments, the figure given by the analysis as in Fig. 4 was at least a few per cent smaller than that given by the cell volume data (as in Fig. 3 We --0.643, representing the total water in the suspension which is participating in the osmotic response to the added salt solution (compare result from Fig. 3 ).
some major discrepancy in the analysis need be invoked, but the consistent disparity suggests that t~he true dead space figure is in fact slighdy higher than that implied by the hematocrit behavior. This would mean that the osmotic responses in the cell volumes slightly exceeded those expected from a simple osmometer (in diametric contrast to the experience usually reported}.
Comparisons with Weight Determinations
Wet and dry weights, in triplicate or more, were determined on the suspensions used in the first four experiments. The proportion of weight lost in drying was in each case significantly higher
than the figure given by the other measures of We, above. After discounting the weight of the water in the medium, the average apparent weight lost from the cells was 0.742 4-0.015 g m / m l of cells. The ratio of the functional cell water implied by the cell volume response (in the same four suspensions) to that given by the weight loss in drying averaged only 0.820 4-0.016. The simplest interpretation of this would be that the drying removes some water from molecular associations in which form it had not been available as solvent for the cell solutes; it is reasonable to suppose that an appreciable amount of water is associated with the large cell content of hemoglobin (1 I). However, the dry weights amounted to only 0.907 4-0.042 of the apparent dead spaces, which would at face value have the ridiculous implication that the density of the dried solutes was less than unity. Therefore, although the weight loss in drying at 105-110°C is commonly taken to be entirely made up of water, it appears here to have included also some components volatilized in organic decompositions of the cell contents, as Macleod (14) has suggested. In fact, Macleod's determination of human red cell water by drying at only 60°C, or by desiccation in vacuo over H~SO4, gave a figure of only 0.661 4-0.014 gm/rrd.
The Equilibrium Tonicity Response to Added Glucose
Seven of the experiments provided osmometric data relevant to the relation developed in equation (4); We's in terms of the apparent distribution volume of added glucose were accordingly derived by plotting as illustrated for a representative experiment in Fig. 5 and rectilinear fitting by the method of least squares. The average figure thus obtained for the cell water was 0.589 4-0.043 (SD) gm per ml of cells, falling about midway between the values given by the cell volume response and by the tonicity response to salt additions. Accordingly, the average ratio of glucose solvent cell water to the non-dead space water in the same suspensions was 0.959 4-0.051, and the ratio of the glucose solvent cell water to the salt-responsive cell water was 1.046 4-0.051. As the magnitude of the standard deviations in these figures would imply, there was among the seven experiments no consistent arrangement in the differences between the glucose equilibrium figure and the other two measures; but it m a y be noted that the largest single discrepancy found between any of the three measures was somewhat less than 12 per cent.
The Immediate Tonicity Response to Added Glucose
In four of the seven experiments just considered, the osmotic pressures were also determined as immediately as possible following the preparation of each ~ mixture in an ice water bath. In the other three experiments, such iced mixtures were immediately cold-centrifuged, and the osmometry carried out on the supernatant fluid separately. The results by the two procedures were not distinguishable, and are combined for the presentation here. In every case, the apparent , from which the apparent We = 0.777 gm H~O per ml, representing the total water available as solvent for the added glucose. Readings taken earlier on the supernatant fractions from iced mixtures, not incubated, differed slightly from these, giving an apparent We of 0.770 gm per ml, as the total water participating in the osmotic response to the hypertonicity.
W e as given b y plotting in the m a n n e r of Fig. 5 fell slightly bdow that given later in the identical mixtures b y the e q u i l i b r i u m tonicity readings, the ratio of the a p p a r e n t cell waters a v e r a g i n g 0.954 ± 0.020. While this difference in some instances was scarcely detectable (see legend of Fig. 5 ), a n d even in the a v e r a g e is only of borderline or questionable significance, it was in the s a m e direction in all seven experiments. If the difference is genuine, the implication is that a very small c o m p o n e n t of intracellular water, which is included in the pool available as solvent for cell glucose, nevertheless does not contribute to the water exodus from the cell which occurs initially when glucose is added to the medium. Otherwise stated, the cell shrinkage is apparently less than the perfect osmotic response uncomplicated by changing osmotic coefficients of the cell contents. The borderline observability of this difference thus indicates that any such deviation in the osmotic behavior of the cell volume in these mixtures was correspondingly small. The apparent cell water contents calculated from these tonicity readings immediately following glucose addition averaged 0.562 4-0.044 gm per ml of cells, showing especially good agreement with those calculated on the basis of the tonicities in the salt mixtures: the observed average ratio (glucose response/salt response) was 0.997 4-0.044. This concurrence is perhaps to have been expected from the fact that both measures reflect simply the amount of the cell water osmotically responsive to change in the extracellular tonicity; thus even though the cell interior might have deviated somewhat trom the perfect osmometric pattern, it appeared to find itself in the same physicochemical situation at the same over-all tonicity whether the extracellular solute change involved the salt or the sugar.
D I S C U S S I O N
The several estimates here of the effective, or functional, water contents of the human red cell all fall moderately short of the total weight loss given by conventional drying procedures which is commonly taken to represent "cell water;" numerous observations over the past forty years have shown this apparent deficiency in the erythrocyte's available solvent volume, both in the osmometric volume behavior and in the distribution volume for small neutral molecules. Considerable argument has arisen, however, as to whether this discrepancy is of major or only relatively minor magnitude. An excellently condensed summary of the many conflicting estimates of functional red cell water prior to 1935, tabulating the comparative methods, tonicity ranges explored, species of cell, and other procedural details, is given by Parpart and Shull (15); and Ponder (10) considers at some length the several factors which might contribute to the experimental variations in this discrepancy. Some of the most recent studies emphasize the primary role of the anomalous osmotic behavior of hemoglobin in these phenomena, and imply that properly handled cells do not deviate measurably from perfect osmometry if this factor is quantitatively taken into account (8, 9, 16) . The present figures for effective fractional cell water volume (in the range 0.56 to 0.61) fall between the high and low extremes given previously, supporting neither the contention of completely free solvent nor that of a largely restricted cell water "matrix." However, if Macleod's (14) less drastic drying treatment were accepted as providing the truest measure of total cell water (0.661 gm per ml), then the hematocrit behavior found here would correspond to an R of 0.93, which is high enough to accord with Dick and Lowenstein's calculations (8) as assignable to the changing osmotic coefficient of hemoglobin.
The approximate equivalence between the volume of distribution of glucose and the osmotically responsive component of the cell water, found in the present study, parallels many of the earlier findings (with glucose, ethylene glycol, and other small neutral molecules) reviewed in papers cited above. While Somogyi's (17) and IZIrskov's (18) studies of glucose distribution with primate red cells were taken to show a slight but measurable cellular accumulation of the sugar, the older chemical methods used may have been confounded by other reducing substances in the cells. In the present study the small deviation from equivalent distribution lies in the opposite direction.
Some early investigations with cryoscopic methods suggested that the red cell's internal osmotic pressure is actually less than that of the plasma (19, 20) , but this was soon challenged on technical grounds (21, 22) , with the establishment of the fact that plasma and cell lysates had essentially equivalent freezing points. This homogeneity held also for anisotonic suspensions, as is verified in the present findings. Thus no real water activity gradient appears to be maintained across the red cell membrane, and the recurrent finding of R's substantially less than unity suggests the removal of the apparent excess of cell water from the solvent function which underlies the several experimental measures. "Binding" of water by association with cell solutes has been given extensive consideration in this connection. In fact, Hill (23) objected to the use of cryoscopic methods in such studies on the grounds that the freezing temperatures would probably appreciably augment the extent of such binding beyond that obtaining at physiological temperatures. Using a thermal method for determination of vapor pressure, he found that no less than 95 per cent of cattle blood water acted as though it were free for solution of additional water, NaCI, KCI, or sucrose. A much improved vapor pressure method was also used by Roepke and Baldes (6) as the basis for tracing the red cell's response to addition of various solutes at low levels; from a comparison of cell lysates, isosmotic salt solutions, and intact cell suspensions, they concluded that, while only a few per cent of the cell water was unavailable to act as solvent for added penetrating molecules, there was generally a marked restriction in the loss of cell water into a hypertonic non-penetrant solution (the more so as tonicity increased). This was attributed to the anomalous osmotic characteristics of hemoglobin: Roepke and Baldes advised that "any method of determining the nonsolvent w a t e r . . , which involves a change in concentration of the protein along with measurement of the change in osmotic activity... will give too high a value for the nonsolvent water." On this basis, in the present experiments all the functional cell water estimates should be too low, except for the one based on the equilibrium glucose tonicity; whereas in fact the highest estimate was given by the hematocrit behavior index, the differences among the other measurements being of dubious significance.
In spite of this extensive conflict regarding the magnitude of the non-solvent volume,' the many older osmometric studies have all agreed with the present finding (as in Fig. 3 ) of a satisfactory adherence (except perhaps at extremely high tonicities) to a systematic pressure-volume relation following the BoyleMariotte-van't Hoff principle. But more recently even this general pattern of conformity has been denied in the conclusions set forth by Olmstead (12, 13) on the basis of his studies with rabbit cells. Examination of Olmstead's data, however, shows that it is the system of presentation, rather than the observations themselves, that gives rise to this apparent conflict. The primary source of confusion in Olmstead's presentation is the notion that perfect osmotic behavior would equate a given change in cell volume with a constant increment in osmotic pressure (rather than with a constant increment in its reciprocal). In keeping with this, he fits a straight line to his data relating the change in osmotic pressure to the amount of water added to (or subtracted from) a given preparation. In this manner he established two rectilinear calibration relations (13) , one for use with hypotonic mixtures and the other for use with hypertonic mixtures. This was feasible only because of the very limited range over which the variables were changed in his experiments, such that the deviation from linearity could easily be overlooked.1 The seriousness of the misconception is thus not apparent so long as the change in volume is referred to the large extracellular volume in which the tonicity changes were actually read; but in application to the much smaller cell volumes (as in the presentation of Olmstead's conclusions), the deviation from the improperly assigned linearity assumes prominent proportions, giving an erroneous impression of major dissonance with the van't Hoff principle. Actually, Olmstead's cell volume data (e.g., Table II of reference 12), when plotted against the reciprocal ot the corresponding osmotic pressures given by his calibrating equations" (Table I of reference 12) , describe a reasonably straight line yielding a non-solvent fraction of about 0.38 for the rabbit cell, not distinguishable from the figure given here for the human erythrocyte.
A similar reconsideration eliminates in large part the implication Olmstead attaches to the ratios found between the amount of water leaving the cells and the amount of water entering the cells, in response to equal, oppositely directed, displacements of the tonicity (the tables of reference 13). The fact that these ratios were substantially less than unity was taken as evidence of a physiological "restriction" on water exit, but in fact the theoretically expected ratio of (1 -AT)/(1 -t-AT) is only about 0.7. It is true that the observed ratios were even smaller than this, but their resolution is questionable because they depend on the estimation oi small differences between relatively large numbers: if an error of only 0.001 °C (the stated limit of confidence in the cryoscopy) were made in the reading on the standard saline medium alone, this would have resulted in an error of about 15 per cent in computation of the ratio in question.
For these reasons, Olmstead's observations do not appear at the present time to constitute serious evidence of an irregularity in the osmotic behavior of the erythrocyte water.
C O N C L U S I O N While the several measures of functional water volume in the human red cell pursued in these experiments did not precisely concur so as to imply perfect concordance with the Boyle-Mariotte-van't Hoff idealized pressure-volume relationship, the discrepancies appeared to be of sufficiently secondary magnitude that no corrective treatment is warranted in connection with the use of the idealized relation in the analysis of kinetic studies with sugar distribution data. All the indices of functional cell water here fell somewhat short of the apparent total cell water figure, implying a fairly small, but not negligible, component of "non-solvent" cell water, such as has often been invoked to explain imperfections in the red cell's osmometric behavior. The anomalous osmotic properties of hemoglobin do not appear adequately to account for all the discrepancies. The possible importance of elastic forces as the basis for lowering of R in osmometric responses, as stressed by Ponder (24) , is made unlikely in the present instance by the observation that the glucose equilibrium distribution volume does not appreciably exceed the other estimates of the functional water space. In fact, all the estimates of apparent cell solvent made here fall reasonably close to the figure of 0.60 g m / m l of cells which Drabkin (11) calculated, on the basis of the hydration properties of h u m a n hemoglobin, to remain as free water. Pending some independent measure of the extent of the organization of red cell protoplasmic water into a lattice, such as was attempted by Odeblad and Lindstr6m (25) by application of proton magnetic resonance techniques, it remains impossible to state definitively whether the non-solvent water concept adequately accounts for the apparent failure of a minor part of the cell water to participate in the phenomena studied here.
